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SECTION I 

INTRODUCTION 

BACKGROUND 

Blast-effect simulation of nuclear weapons has generally been accomplished 

with explosive-filled chambers designed to generate specified blast pressures 

and durations. These simulations are generally conducted as disposable (i.e., 

one shot) field tests. Pressure pulses within these chambers are usually char- 

acterized by large pressure spikes, high temperatures, and large amounts of 

debris flying about the cavity. Measurement of pressure under these conditions 

is usually more difficult than that under cleaner environments, such as in a 

gas-driven shock tube. Usually, in the past, these measurements were accom- 

plished with piezoresistive (i.e., strain gage) diaphragm-type pressure gages. 

However, these gages can be damaged by the large pressure spikes, which can 

cause diaphragm resonance and possible overranging of the gage, as well as by 

debris impact. Another class of pressure gage that could be used is the pres- 

sure bar gage. Since pressure bar gages are usually built as piezoelectric 

gages, their use in the field has been limited because of cable-noise problems. 

However, if the principle of pressure bar gage operation could be applied to 

explosive-chamber pressure measurements, significant improvements in pressure- 

data recovery might be realized. 

Piezoelectric pressure bar gages were developed a number of years ago to meas- 

ure pressures in gaseous detonation waves and in shock tubes. A small metal 

bar was ised to transmit the pressure to a piezoelectric sensor. The metal bar 

and the piezoelectric sensor were acoustically matched to prevent reflections 

at the interface. (This was usually accomplished with aluminum bars and quartz 

disks.) In early versions, a backup bar of similar size and acoustic impedance 

was used to delay the reflection time from the end of the bar (ref. 1). This 

resulted in a gage with a relatively short recording time, depending on the 

length of the backup bar. The primary advantages of piezoelectric pressure bar 

gages are their very fast rise time and very little resonance. 

1. Edwards, D. H., Journal of Scientific Instruments, Vol. 35, 1958, p. 346. 
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A significant improvement in piezoelectric pressure bar gages is reported in 

reference 2. In these gages a tapered backup bar encased in wax is used. The 

wax sheath acts to absorb the stress pulse transmitted into the backup bar and 

thus prevents unwanted reflections and greatly extends the recording time. It 

has been demonstrated both analytically and experimentally that if the piezo- 

electric crystal cannot be placed on the pressurized end of the bar (consider- 

ed impractical because of sealing and bar support problems), the optimum crys- 

tal location is somewhere between two and four bar diameters from the input 

end (ref. 2). This crystal location is the best compromise between fast rise 

time and minimized ringing due to wave dispersion in the metal pressure bar. 

A further development of the piezoelectric bar gage (fig. 1) was made at the 

Ballistics Research Laboratory (BRL) (ref. 3). This development overcame the 

sealing and bar support problems. The piezoelectric sensor is located on the 

input end of the pressure bar to achieve a very fast rise time. The pressure 

bar, which is acoustically matched to the sensor, is embedded in an absorptive 

material (a relatively hard epoxy) to dissipate the stress pulse into the sur- 

rounding material. The electrical circuit is completed by a thin silver plating 

between the exposed face of the sensor and the gage case. This gage (Model 

ST-4) is commercially available.*  The ST-4 gage probably has the fastest rise 

time of any conmercial pressure gage. If properly used, the ST-4 gage has a 

rise time of about 0.2 ysec. It also has very little overshoot (less than 

about 10 percent) and essentially no resonance. It is, however, very 

temperature-sensitive because of the exposed piezoelectric sensor. 

Because of piezoelectric circuitry problems in field tests and the temperature 

sensitivity of commercially available pressure bar gages, an effort was under- 

taken at the Civil Engineering Research Facility (CERF) several years ago to 

2. Edwards, D. H.; Davis, L., and Lawrence, T. R.; "The Application of a 
Piezoelectric Bar Gage to Shock Tube Studies," Journal of Scientific 
Instruments . Vol. 41, 1964, pp. 609-613. 

3. Granath, B. A., and Coulter, G. A., BRL Shock Tube Piezo-Electric Blast 
Gages . BRL Technical Note No. 1478, Aberdeen Proving Ground, Maryland, 
August 1962. 

*Susquehanna Instruments Company, Rt. 2, Box 228, Havre de Grace, Maryland 
21078. 



Gage Case -Pressure Bar Electrical Connector- 

Silver Plating Piezoelectric Sensor Absorptive Material 

Figure 1. Piezoelectric Pressure Bar Gage (Model ST-4) 

develop a piezoresistive bar gage. It became apparent that if the sensing 

elements were changed from piezoelectric to oiezoreslstive (i.e., strain gages) 

and placed a small distance from the end of the bar, both of these problems 

could be reduced, while retaining the advantages of pressure bar gages (fast 

rise time and low resonance). In addition, such a gage should be much less 

likely to be damaged by debris. Initial development work on a piezoresistive 

bar gage was described previously (ref. 4). That development is summarized 

in this report and subsequent developments at CERF are presented. 

4. Crist, Robert A. and Simmons, Kenneth, Dynamic Economical Large Testing 
Apparatus—A Blast Pressure Loading Technique. AFWL-TR-71-151. Air Force 
Weapons Laboratory, Kirtland Air Force Base, New Mexico, June 1972. 



  

SECTION II 

PIEZORESISTIVE BAR GAGE DEVELOPMENT 

ORIGINAL PIEZORESISTIVE BAR GAGE 

The basic configuration of the original piezoresistive bar gage (ref. 4) is 

shown in figure 2. The pressure bar was machined from gray cast iron in an 

attempt to take advantage of the internal mechanical damping characteristics 

of this material. The cast iron bar was embedded in a hard epoxy to absorb 

the stress pulse as it propagates down the bar. Because of the low strain 

levels produced in the pressure bar, semiconductor strain gages were used to 

obtain a reasonable signal level. Two longitudinal and two circumferential 

gages were mounted on the bar close to the pressurized end and connected into 

a full bridge for temperature compensation. 

Results of preliminary evaluation tests on the original piezoresistive bar 

gage are shown in figure 3. The tests were conducted in a 2-in-diameter, air- 

driven shock tube with the gages mounted end-on in the tube to measure 

reflected pressure. A reflected pressure of about 250 psi was used. The upper 

trace in each record is from the piezoresistive bar gage and the lower one is 

from an ST-4 gage. The first record (fig. 3a) shows that the piezoresistive 

bar gage maintained most of the fast rise time associated with pressure bar 

gages. Both gages show a rise time of about 2 ysec. The second record (fig. 

3b), at a slower sweep rate, shows that the piezoresistive bar gage is much 

less temperature-sensitive than the ST-4 gage. As the shock wave reflected 

back and forth through the closed-end shock tube, the pressure built up to 

the static chamber pressure. The piezoresistive bar gage followed that static 

pressure reasonably well; whereas, the ST-4 gage began drifting fairly rapidly 

because of temperature sensitivity. 

Tests of original piezoresistive bar gage models (fig. 2) involving long- 

duration pressure steps indicated drift problems after several seconds (fig. 

4). It was suspected that the drift was due to creep within the epoxy pot- 

ting compound used to encase the pressure bar. As the epoxy creeps it loads 

the side of the bar and reduces the longitudinal strain thus decreasing the 
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Figure 4. Response of Original Piezoresistive Bar Gage 
to Pressure Step 

gage output. To eliminate this long-duration drift, a pressure relief ring 

(fig. 5) was installed in the end of the piezoresistive bar gage. This ring 

prevented the fluid pressure being measured from acting on the potting com- 

pound. A Teflon film was installed between the pressure relief ring and the 

pressure bar to reduce friction. The results of the pressure relief ring mod- 

ification (fig. 6) indicates that the drift was essentially eliminated. 

i 

Both static and dynamic high-pressure tests on the piezoresistive bar gage are 

reported in reference 4. The static tests indicated very good linearity up to 

about 5,000 psi and less than 4 percent nonlinearity up to 10,000 psi (fig. 

7a).    The dynamic test results (fig. 7b) were obtained with a high-pressure 

helium/freon shock tube.    The piezoresistive bar gage reproduced the ST-4 

trace reasonably well, with respect to both amplitude and waveform. 
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REDESIGNED PIEZORESISTIVE BAR GAGE 

After the preliminary development work (ref. 4), a low-key developmental 

effort continued at CERF. The first task was to redesign the gage case 

for easier and more reliable assembly. This redesign is shown in figure 8. 

The primary design change consisted of recessing the strain gages and lead 

wires slightly below the lateral surface of the pressure bar. The area 

around the strain gages was recessed 0.010 in. and small flats were machined 

for the circumferential strain gages. Shallow slots, 0.010 in. deep, were 

machined along the length of the pressure bar to acconmodate the interconnect- 

ing lead wires. After the gages and lead wires were in place, the recessed 

areas were potted with epoxy for protection. After curing, the epoxy was 

machined down flush with the rest of the bar. These recesses greatly facili- 

tated application of the semiconductor strain gages and made them much less 

susceptible to damage during assembly and filling of the complete pressure 

gage. Other design changes included removal of the internal threads next to 

the pressure bar and reduction of the clearance between the gage body and the 

pressure bar to 0.008 in. Also, the filling holes in the pressure relief 

ring were sealed with brass pins, which were staked into place. By completely 

sealing the end of the piezoresistive bar gage, very so^t damping materials 

such as wax could be used. 

Piezoresistive bar gages with aluminum pressure bars and various damping mate- 

rials were constructed. The damping materials included epoxies of various 

hardnesses. Wood's metal, asphalt, bullet lubricant, and beeswax. The gages 

were filled by injecting the liquid material through the filling holes in the 

front of the gage. When it was believed that all cavities had been filled, the 

sealing pins were staked into place. Several assembly problems were encountered 

with some of the damping materials, such as the asphalt, which slowly attacked 

and softened the epoxy which bonded and covered the strain gages. The gages 

with these various damping materials were tested in the 2-in-diameter, air- 

driven shock tube. 

The results of the tests generally indicated that the beeswax was the best 

damping material. Results of tests with soft epoxy and beeswax are compared 

in figure 9. The soft epoxy allowed considerable ringing in the gage (fig. 9a); 

the beeswax essentially damped out all of this ringing (fig. 9b). However, 

12 
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Figure 9. Test Results of Redesigned Piezoresistive Bar Gage 
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it was often difficult to get the beeswax into the gage well enough to produce 

the damping shown in figure 9b. Also, once in and sealed, the beeswax would 

apparently separate from the pressure bar and damping would be reduced. This 

separation, which would sometimes take several weeks to occur, was probably 

caused by cavities inadvertantly left within the beeswax and by the high 

coefficient of thermal expansion of beeswax. 

Since the piezoresistive bar gage was suspected of being sensitive to cross- 

axis acceleration, acceleration-sensitivity tests were conducted on several 

well-damped, beeswax-filled gages. The test setup consisted of a steel Hopkin- 

son pressure bar loaded by a short steel striker bar (fig. 10). The piezore- 

sistive bar gage was mounted close to the free end in a hole drilled and tap- 

ped into the bar. Acceleration was measured by an accelerometer mounted on 

the free end of the Hopkinson bar. Each test usually consisted of a series of 

five or six loadings at various acceleration levels (controlled by the striker 

bar impact velocity). 

Typical data from the tests are shown in figure 11. The top trace indicates 

the acceleration level; the bottom trace shows the acceleration-induced signal 

from the piezoresistive bar gage. The results of one of the test series are 

plotted in figure 12. This plot shows a distinct leveling off of the pressure 

gage output with increasing acceleration levels. For this particular gage, the 

transverse acceleration sensitivity (defined as pressure gage output divided by 

acceleration level) at 4300 g was 0.032 psi/gi based on a faired curve through 

the data points. This acceleration sensitivity value was fairly typical for all 

the beeswax-filled gages; and although it is fairly high when compared to that 

for certain types of diaphragm pressure gages, this value is not so high as to 

discourage further development. These relatively high values simply mean that 

in high-acceleration environments, it may be advisable to use some sort of 

mechanical noise isolation when mounting the piezoresistive bar gage. 

15 
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SECTION III 

PRESSURIZED BAR GAGE DEVELOPMENT 

In an attempt to assure complete filling and maintain good contact between the 

beeswax and the pressure bar, a pressurized version of the piezoresistive bar 

gage was designed (fig. 13). To facilitate experimental modifications, this 

pressurized gage was made approximately twice as large as the previous gages. 

The gage had a 1/2-in-diameter aluminum pressure bar. A pressurization fix- 

ture was fitted into the side of the gage body. This fixture, equipped with 

a small piston, was used to fill the gage with beeswax; it was also intended 

that the fixture should maintain some small pressure (a few psi) on the wax 

through a compressed spring on the back of the piston while the gage was being 

tested. The gage was filled with beeswax by melting wax into the cylinder of 

the pressurization fixture and using the piston to extrude the wax into the 

gage. The holes in the pressure relief ring on the front of the gage served 

as vents. Wax was extruded into the gage until continuous ribbons of wax 

came out all four vent holes, at which time the vent holes were sealed with 

small screws. 

The first attempt to fill the pressurized gage resulted in the epoxy joint be- 

tween the pressure bar and the bar mounting base being broken because of ex- 

cessive extrusion pressure on the wax. The gage was disassembled and a new 

pressure bar was fabricated with the mounting base machined as an integral 

part of the pressure bar. The gage was reassembled and filling of the gage 

was accomplished with little difficulty. 

The pressurized bar gage was first tested in an unpressurized mode in the 2- 

in-diameter, air-driven shock tube. The results indicated that good damping 

had been achieved by the extrusion-filling process. The gage was retested 

periodically for about a month with no apparent degradation of the damping 

characteristics. It then became apparent that if the gage was completely 

filled by the extrusion-filling process, continuous external pressurization 

of the wax during testing and use of the gage would be unnecessary. 

18 
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With the apparent good results of the extrusion-filling process, the decision 

was made to apply this filling process to the smaller version of the piezore- 

sistive bar gage (fig. 8) in an attempt to make the gage more usable in field 

tests. 

20 
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SECTION  IV 

DEVELOPMENT AND EVALUATION OF FIELD GAGE 

n 

The gage shown in figure 8 (1/4-in-diameter pressure bar) was modified for use 

with the wax extrusion-filling process. The modified gage is shown in figure 14. 

A small filling hole was drilled in the side of the gage body toward the back end 

of the pressure bar. The external threads were removed from the gage body in this 

region to facilitate the fit into the filling fixture. The pressure bar and the 

mounting base were machined as an integral part, as with the pressurized gage. 

The filling fixture for the extrusion-filling process consisted of a gage 

holder block, a filling cylinder with a small tip machined to fit the filling 

hole in the gage body, and a piston with a weight platform (fig. 15). The 

gage was placed in the holder block with the filling hole aligned with the 

centerline of the filling cylinder. The cylinder (previously filled with 

wax) was screwed down until the tip engaged the filling hole. Weights were 

then placed on the weight platform to slowly extrude the wax into the gage. 

A pressure of about 200 psi was maintained in the filling cylinder until the 

ribbons of wax coming through the vent holes were continuous and no air bub- 

bles were evident. The gage was then removed and all vent holes were sealed 

with brass pins staked into place. 

The extrusion-filled piezoresistive bar gages intended for field usage were 

subjected to a number of preliminary evaluation tests including tests in the 

2-in-diameter, high-pressure, helium/freon shock tube. The results of the 

shock-tube tests showed that good damping was achieved (fig. 16a) and the 

fast rise time was preserved (fig. 16b). 

Cross-axis acceleration sensitivity tests were conducted on one of the field 

gages. The result was essentially the same as that shown in figure 12. This 

indicates that acceleration sensitivity was neither increased nor decreased 

by the improved filling process. 

Fourteen piezoresistive bar gages like the one shown in figure 14 were built 

for the Dynamic Air Blast Simulator (DABS) IA Project (a large expendable 

shock-tube type of field test). Eleven of the fourteen gages had hardened 

21 
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Figure 14.    Redesigned Piezoresistive Bar Gage Modified 
for Extrusion-Filling Process 
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Figure 15. Filling Fixture for Extrusion-Filling Process 
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Figure 16.    Shock-Tube Results of Extrusion-Filled 
Redesigned Piezoresistive Bar Gage 
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steel pressure bars. This gave these gages an effective range of about 30,000 

psi, with an overrange capability of about 100,000 psi. These higher-range 

gages were used because of the large pressure spikes and debris expected in 

the DABS IA Test. 

The 14 gages were dynamically calibrated in the 2-in-diameter, high-pressure 

shock tube with an ST-4 gage as a reference. These calibrations were conducted 

at three different pressure levels (approximately 500, 1500, and 3000 psi). 

The result of one of these calibrations is shown in figure 17. This plot in- 

dicates reasonable dynamic linearity up to about 3000 psi. 

The 14 gages were used in the DABS IA Test with reasonable success. Nine of 

the gages were placed in stagnation probes where they were subjected to par- 

ticle impacts at about 5000 ft/sec and stagnation pressures of about 3000 

psi. Six of the nine stagnation gages continued to read after debris impact, 

although sometimes with significant zero offsets. The zero offsets were 

probably caused by impact-generated inelastic deformation within the steel 

bar. It may be possible to reduce this offset by shielding the pressure bar 

with a softer material, such as lead. A soft shield should help to reduce 

the impact-generated stress levels before they are propagated into the steel 

pressure bar. 
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Figure 17. Shock-Tube Calibration of Redesigned Piezoresistive Bar Gage 
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SECTION V 

CONCLUSIONS AND RECOMMENDATIONS 

The piezoresistive bar gage damped with beeswax appears to work well, provided 

the beeswax maintains good contact with the pressure bar. It also appears that 

filling the gages by the extrusion-filling process assures good contact. The 

wax-filled bar gage developed here had a fast rise time ( ~2 usec) and little 

overshoot and ringing; and from DABS IA experience, it appears to be rugged 

and reliable. 

The acceleration sensitivity of the piezoresistive bar gage is higher than 

that of some types of diaphragm gages, but not so high as to cause problems in 

most shock-tube experiments. No noise in the DABS IA data could be attributed 

to acceleration sensitivity. There may be construction techniques which would 

reduce the acceleration sensitivity, thus reducing the potential problem. 

The zero offsets experienced in DABS IA (a result of the extremely harsh de- 

bris environment) can probably be reduced by shielding the pressure bar with 

a softer material such as lead. Reducing the impact stresses in this manner 

should reduce or eliminate the inelastic deformation within the steel pressure 

bar. 

The gage needs to be more extensively evaluated (linearity, hysteresis, tem- 

perature sensitivity, etc.) in order to more accurately define its advantages 

and 1 imitations. 

26 



DISTRIBUTION LIST 

DEPARTMENT OP DEPKNSU 

Oi rector 
IX'lonst' Advancotl Hsch, Proj. Aftoncv 

Ai'TN:   PMO 
AT IN:   NUfiO 
ATTN:   Tech.  Üb, 
ATTN:   STO 

IMVn.sc Documenlalion Center 
2 cy ATTN:   TC 

ÜEPAHTMENT »F THE AHMY (Contlnuod) 

Director 
l'.S. Anny Hallistic Hesearch Labs. 

ATTN: DHXHH-X, Julius J.  Meszaros 
ATTN: AMXBH-TL-IH, .1. H, Keefer 
ATTN: Tech.  Üb. , Edward Balcy 
ATTN: AMXBH-TB 
ATTN: AMXBH-HL 
ATTN: AMXIMi-RL 
ATTN: AMXBIi 

üi rector 
Defense Nuclear Agency 

ATTN; UDST 
ATTN: STSI, Archives 
ATTN: STAP 

2 cy ATTN: SPSS 
3 cy ATTN: STTL, Tech.   Lib. 

Commander 
Field Command 
Defense Nuclear Agency 

ATTN:   FCPR 
ATTN:   FCT 
ATTN:   FCTMOF 

Di rector 
U.S. Army Engr. Watei-ways Exper. 

AT'l'N: Guy Jackson 
ATTN: John N. Strange 
ATTN: Leo Ingram 
ATTN: Tech.  Lib, 
ATTN; William Flathau 
ATTN: WESHL 
ATTN: WESSS 

U.S. Army Combat Dev. Cmd. 

USARUER6DL 
ATTN:   SGHD-UBG 

Sta. 

Dir. of Defense Hsch.  & Engineering 
ATTN:   Asst. Dir. , Strat. Wpns. 

Director 
Defense Intelligence Agency 

ATTN;   D1-7D 
ATTN:   DI-3 

Dir. , OSD, ARPA 
ATTN:   NMR 

USAMC, RSIC 
ATTN:   Chief, Doc. Sec. 
ATTN;   SENSC-DB 

USABMDPO 
ATTN:   A.  J.  Bast, Jr. 

USABMDSCOM, BMDATC 
ATTN:   BMDATC-A 
ATTN;   HDMH-M 

Ch. , LVLO 
ATIN;   FCTCL 

JSTPS 
ATTN;   JLIAV 

Chief 
Livermorc Division, Fid. Command, DNA 

ATTN:   FCPRL 

Director 
National Security Agency 

ATTN:   0-513 

DgPAHTM^MT OF T8X AKtfö 

Dcp. Chief of Staff for Hsch. , Dev. & Aeq. 
ATTN:   Tech.  Lib. 

Commander 
Harry Diamond Lalioratorios 

ATTN:   D8XDO-TI,   l.ch. Lib. 
ATTN:   DRXDO-Nl' 

Commander 
L'.S. Army Materlnl Dev. & lioadineas Cmd. 

ATTN:  Tech. Lib. 

CO, Picatinnv Arsenal 
ATTN:   SMUPA-TN 
ATTN:   AMSMV 
A'H'N:   STINFOOfc. 

CO, WSMH 
ATTN:  Tech. Lib. 

ORDL, Ct 
ATTN:  OHDLBVR 

CO, USAEC 
A'l'TN:   AMSEL-IO-T 
A'i'TN:   AMSEL-XL-S 

CO, USAHO 

Chief of Enginours 
ATTN:   DAEN-RDM 

USA Mod. Fid, Svc. Sch. 
ATTN;   Stimson Lib, 

L'iPARTMENTOF 111E NAVY 

Cinct of Navül Research 
AHN:   lech.  Lib. 

27 

TT 



DEPARTMENT OK THE NAVY (Conlinuüd) DEPAHTMENTOF THE NAVY (Continued) 

NCEL 

(Xticer-ln-Charge 
Civil Engineoring Laboratory 

ATTN:   Tech.  Üb. 
ATTN:   R. J. Odcllo 

Commandor 
Naval Facilities Engineering Command 

ATTN:  Tech. Üb. 

Commander 
Naval Ship Engineering Center 

ATTN:  Tech. Üb. 

Commander 
Naval Ship Rsch. & Development Ctr. 

ATTN:  Code L42-3, Library 

CO. ESC 

Commander 
Naval Ship Rsch. & Development Ctr. 

ATTN;  Tech.  Lib. 

Commander 
Naval Surface Weapons Center 

Officer-in-Chargc 
Naval Weapons Center 

DEPAHTMENTOF THE AIR FORCE 

AF Geophysics Laboratory, AFSC 
ATTN:  SUOL, AFCRL, Rsch. 

AF Institute of Technology, AU 

Lib. 

ATTN 
ATTN 
ATTN 

Code WX-21, Tech.  Lib. 
Code WA-üOl, Navy Nuc. Prgms. 
730 

Off. 

Chief of Naval Operations 

Office of Naval Research 
ATTN:   418 

Commander 
Naval Air Systems Command 

ATTN:  AIR-52023 

Naval Ships Systems Command 
ATTN:   Lib. , NAVSHIPS 08 

Director 
Naval Research Laboratory 

ATTN;   2027 

Director 
Naval Research Laboratory/EOTPO 

ATTN:   5503 

Commander 
Naval Electronics Laboratory Ctr. 

ATTN;   4223 

Commander 
Naval Weapons Center 

ATTN:   753 

Director 
Special Projects Officer 

Ordnance Systems Command 

Commanding Officer 
Naval Weapons Evaluation Facility 

ATTN:  ADS 

ATTN: Library, AFIT, Bldg. 640, t 
ATTN: CES 
ATTN: DAPD 

AF Weanons Laboratory, AFSC 
ATTN: DES, M. A. Plamondon 
ATTN; DEX 
ATTN: DED-I, Mr. Santos J. Ayala 
ATTN: DES 

5 cy ATTN: DED 
ATTN: HO, Dr.  Minge 
ATTN; AL 
ATTN: ALC 
ATTN: ALE 
ATTN; ALO 
ATTN; AR 
ATTN; DE 
ATTN; DY 
ATTN; DYS 
ATTN. DYT 
ATTN; DYV 
ATTN; DYX 
ATTN: EL 
ATTN: ELA 
ATTN: ELC 
ATTN: ELP 
ATTN; ELS 
ATTN; LR 
ATTN: i   • 
ATTN; LHL 
ATTN; LRO 
ATTN; LRP 
ATTN: PC 
ATTN: PGA 
ATTN: PGV 
ATTN: PO 
ATTN; 8A 
ATTN: SAB 
ATTN; SAS 
ATTN; SAT 
ATTN: SAW 
ATTN; SE 
ATTN; SEC 
ATTN: SEE 
ATTN: SES 
ATTN: TP 
ATTN; IN 

2 cy ATTN: SUL 

HQ USAF/IN 
ATTN: INATA 

HQ USAF/PR 
ATTN: PREE 
ATTN: PREV 
ATTN: PREPB 

HQ USAF/SA 
ATTN: SA 
ATTN: SAMI 

Area B 

28 



DEPARTMENT OF THE A1H FORCE (Continued) DEPARTMENT OF THE AIR FORCE (Continued) 

HQ liSAF/RD 
ATTN:   RDPQ, 1C370 
ATTN:   RDQPN, 1D425 
ATTN:  HDQS 

HQ USAF/SG 
ATTN:   SGPP 

HQ USAF/XO 
ATTN:   X(X)WD 

AFML 
ATTN:   Tech. Lib. 
ATTN:   MX 

AWS 
ATTN;   AWVAS 

AFATL 
ATTN:   DLOSL 
ATTN:   DEE 

RADC 
ATTN: Doc. Lib. 
ATTN: TUGF 

AFRPL 
ATTN:   DYSN 
ATTN:   MKCD 

ADC 
:   AbSWO ATTN 

SAAMA 
ATTN:   SE 

USAFSAM 
ATTN:  SUL-4 
ATTN;   EDAD 

TAC 
ATTN:   DEE 

823 CES 
ATTN- HR 

CINCUSAFH 
ATTN: 
ATTN; 

DEE 
DOA 

CINCPACAF 
ATTN:   DEE 
ATTN:  DOA 

USAF, SCLO 
ATTN;   Maj Pierson, Chief. LO 

AFAPL 
ATTN; 
ATTN: 
ATTN: 

Tech. Lib. 
HJL 
POD 

AFLC 
ATTN: MMWQ 

8ACLO 

TACLOS 

AFLC 
ATTN:   DEE 

ADC/DE. 
ATTN:   DEE 

ADC/IX) 
ATTN:   DOA 

ADC/XP 
ATTN:   XPQIX? 
ATTN:   XPQY 

AUL 
ATTN:   LDE 

AU 
ATTN:   ED, Dir. , Civ.  Eng. 

AFAL 
ATTN TE 

AFISC 
ATTN PQAL 
ATTN SE 
ATTN SEL 
ATTN SEO 

USAFA 
ATTN DFSLB 
ATTN FJSRL, CC 
ATTN DFCE 

AFSC 
ATTN DO 
ATTN DOB 
ATTN DLSP 
ATTN DLCAW 
ATTN SGB 
ATTN XRP 
ATTN T&E 

TAC 
ATTN DEE 
ATTN DERP 
ATTN LGMD 
ATTN .   SGSB 

AFTAC 
ATTN TAP 

AFFDL 
ATTN :   DOO/Lib. 
ATTN :   STINFOOfc 

ASD 
ATTN :   ENYEHM 
ATTN :   Tech.  Lib. 
ATTN :   DEE 

AFOSR 

Dir. , Nuc Su rety 
ATTN :  SN 

CINCSAC 
ATTN :   DEE 
ATTN :   DOXS 
ATTN ;   XPFC 

29 



DEPARTMENT OF THE AlH FOHCE (Continued) 

AFC EC 
ATTN:   PHEC 

SAMSO/DE 
ATTN:   DEE 

SAMSU/SE 
ATTN;  SEN 

ESI) 
ATTN;   SE 
ATTN:   DEE 

ENEHGY HESEAIUH & DEVELOPMENT ADMINISTHATION 

DEPAHTMENT OF DEFENSE CONTRACTOHS (Continued) 

Cn'ncriil Electric CompaJiy 
'I'EMPO-Ccnlcr lor Advanced Studies 

ATTN;   DASIAC 

HT Research Institute 
ATTN;   Tech.  Lib. 

Knman Sciences Corporation 
ATTN;   Library 
ATTN:   Paul A.   Ellis 

Merritt Cases, Incorporated 
ATTN;   Tech.  Lib. 
ATTN:   J.   L.   Merritt 

University of California 
Lawrence Livcrinore Laboratory 

ATTN;   Tech.  Info., Dopt.   L-.T 

University of California 
Lawrence Berkeley Laboratory 

ATTN;   Library 

Sandia Laboratories 
Llvermore Laboratorv 

ATTN:  Doc. Con. for Tech.  Lib. 

Sandia Laboratories 
ATTN;  Doc. Con. for Luke J. Vortman 
ATTN;  Doc. Con. for A. J. Chaban 
ATTN;   Doc. Con. for Oiy. .1422-1. Sandia Hpt. Coll. 

U.S.  Energy Hsch. & Dev. Admin. 
Albuquerque Operations Office 

ATTN:  Doc. Con. for Tech. Lib. 

U.S.  Energy Rsch. & Dev. Admin. 
Division of Headquarters Services 

ATTN:   Doc. Con. for Class. Tech.  Lib. 

U.S. Energy Hsch. & Dev. Admin. 
Nevada Operations Office 

ATTN;   Doc. Con. for Tech.  Lib. 

U.S.  Energy Rsch. & Dev. Admin. 
Canoga Park Office 

Division of Military Application 
U.S.  Energy Rsch. S. Dev. Admin. 

ATTN:   Dr.  Rhodes 

Los Alamos Scientific Laboratory 
ATTN:   Hpt.   Lib. 

DEPAHTMENT OF DEFENSE CONTHACTOHS 

Aerospace Corporation 
ATTN:  Tech. Info. Services 
ATTN;   Prom N.  Mathur 

Agbablan Associates 
ATTN:   M.  Agbablan 

Civil/Nuclear Systems Corp. 
ATTN:   Robert Crawford 

EC.&G, Inc. 
Albuquerque Division 

ATTN;   Tech.  Lib. 

The Mitre Corporation 
ATTN:   Library 

Nathan M. Newmark 
Consulting Engineering Services 

ATTN:   Nathan M.  Newmark 

Physics internatinnal Company 
ATTN:   Doc. Con. for Tech.  Lib. 
ATTN;   Doc.  Con. for Charles Godfrey 
ATTN;   Doc.  Con.  for Coye Vincent 
A'lTN;   Doc. Con. for Fred M. Sauer 

H & D Associates 
ATTN:   Hruce Harlenbaum 
ATTN:   Tech.  Lib. 
ATTN:   J. (I.   Lewis 

Science Applications, Inc. 
ATTN:   Michael McKay 
ATTN:   Tech.   Lib. 

Science Applications, Inc. 
ATTN:   R.  A.  Shunk 

Southwest  Research Institulc 
ATTN;   A.  B. Wenzel 
ATTN:  Wilfred E.  Baker 

Stanford Roseard' Distitute 
ATTN:   George H.  Abrahamson 
ATTN:  Carl Peterson 
ATTN;   Hurt H. Gasten 

Systems, Science Hi Software,  Inc. 
ATTN:   Tech.   Ill 
ATTN:   Donald H. Crine 

TRW Systems Group 
ATTN:    lech.  Info.  Ctr. , 8-1930 

2 cy ATTN:   Peter K   Dal, R1-2I70 

THW Systems Group 
San Bernanlino Operations 

ATTN-   E. Y. Wong, ,127/712 

The Eric II. Wang Ctfli Eiigiiieering Hsch.   Fac, 
ATTN:   Kenneth B.  Simmons 

The Univeisily of Now Mexico 
ATTN:   Lurry Bickle 
ATTN;   Neal Baum 

30 

''.• ?W v -■: 



DEPAHTMKNTOK DKFKNSK C'ONTHAC'l'OUS (ContlBMd) DEPAHTMBNT OF OEFEMSE C'ONTHACTOHS (Conlinuofl) 

Winillinncr Assoc.  ConsullitiR BagtBMn 
AI TN:   Melvin I,.  Baron 

Wciillingcr ASHOC. ConsultiriK Engineers 
ATTN:   J.  Isunberj; 

31 

. .„- :»L-  mm  



rH,S ""CT HAS BEEN DELIMITED 

MD CU**M fOn Pü»LIC RELtME 

iWR ooo DIRECTivE 5200.20 AND 

'• RESTRICTIONS ARE IMROSED UPON 

ITS USE AND DISCLOSURE, 

O'STRIWTI« STATOWT A 

APHROVID FOR PUBLIC  RILIASli 

DISTRIBUTION UNLIMITED. 


